Three insoluble substrate amylase methods are compared. There is good correlation between the three procedures and with a saccharogenic procedure. Correlation with the starch-iodine method of Caraway is poor. Insoluble substrate methods are very suitable for the routine determination of amylase activity, and their advantages compared withsaccharogenic and starch-iodine procedures are detailed.
Many methods have been described for the assay of a-amylase (a-l,4 glucan-4-glucanohydrolase, EC 3.2.1.1) activity in serum and urine. Viscosimetric and nephelometric procedures, starchiodine and saccharogenic methods have all been used (Searcy, Wilding, and Berk, 1967) .
The synthesis of 'insoluble' amylase substrates (Rinderknecht, Wilding, and Haverback, 1967) has recently introduced new methodology. These substrates consist of dyes firmly bound to starch, amylose or amylopectin by covalent ether or ester linkages. The substrate-dye complex liberates soluble dye fragments as a result of amylase action, the complexes themselves being either insoluble throughout, or initially soluble but rendered insoluble by the addition of a precipitating agent. Following enzyme action, unhydrolysed complexes are removed by filtration or centrifugation, and the absorbance of the coloured dye in solution provides a measure of amylase activity.
Numerous 'insoluble' amylase substrates are now commercially available (Table I) , and procedures using them appear to offer several advantages when compared to older methods (Rosalki, 1970) . Since experience with insoluble substrates is still limited, it was considered desirable to examine their performance and compare this with other standard amylase procedures.
MATERIALS AND METHODS
Three 'insoluble' substrates were chosen for study.
Remazolbrilliant Blue R-Amylopectin (Amylopectin-RBB or Amylopectin-Azure, Calbiochem, San Diego, California, U.S.A.) was used according to the manufacturer's modification of the method of Rinderknecht, Wilding, and Haverback (1967) ; Cibachron-Blue-Starch (CB-Starch) was used according to the method of Ceska, Birath, and Brown (1969) using reagents marketed by Pharmacia, Uppsala, Sweden; and Procion Brilliant Red-Amylopectin (AmyJopectin-PBR) was used according to the procedure of Sax, Bridgwater, and Moore (1971) using reagents supplied by Dade, Miami, Florida, U.S.A. An outline of these methods is shown in Table 2 . This choice of methods uses one substrate based on starch, and two substrates based on amylopectin, one of which (Amylopectin-PBR) is initially soluble.
These methods were compared with the starchiodine method of Caraway (1959) and the saccharogenic method of Searcy, Hayashi, and Berk (1966) using reagents prepared in our laboratory, and Merck Soluble (Lintner) starch as substrate. Details of these procedures are summarised in Table 3 . Random sera examined within 12 days of sampling and stored meanwhile at -18°C were chosen for the comparisons. Linearity studies were carried out using dilutions of human pancreatic extract and saliva in crystalline bovine albumin, 1.0 glIOO ml, in 0.067 mol/I phosphate buffer, pH 7.4. Precision studies of the CB-Starch and Caraway methods were made using pooled sera enhanced with salivary amylase. Three serum pools at different levels of 
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(The dotted lines represent the upper limit of normal for each procedure, derived for the CD-Starch method from manufacturers literature, for the Starch-iodine method from Caraway's publication, and for the remaining methods from control sera containing salivary amylase (Enzatrol-Dade) using manufacturers' values obtained using a saccharogenic procedure, and assuming an upper limit of normal of 180 Somogyi units. Absorbance values (00) were recorded at 540 nm for the amylopectin PBR and saccharogenic methods. 620 nm for the Amylopectin Azure and CB-Starch methods, and 680 nm for the Starch-iodine method.) activity and are prepared by calibrating each batch of substrate using enzyme reference sera assayed by a saccharogenic method. The advantages of calibration of insoluble amylase substrate procedures using enzyme reference preparations have been summarised by Sax, Bridgwater, and Moore (1971) an important factor being the effect of batch variation in dye purity on substrate chromogenicity.
For the remaining methods, enzyme activities were expressed in terms of absorbance differences (or, in the case of the Caraway method, in Caraway units which are derived from absorbance differences) with no attempt at calibration by reference sera. Where this was done, a single batch of substrate only was utilised.
RESULTS
The comparisons made, the number of samples utilised for comparison, and the correlation coefficients obtained are summarised in Table 4 .
Excellent correlation was demonstrated between the methods utilising insoluble substrates (correlation coefficients varying between 0.91 and 0.98). Correlation was also good between the insoluble substrate methods and the saccharogenic method (correlation coefficients between 0.90 and 0.92). However, the starch-iodine method correlated poorly with both the insoluble substrate and saccharogenic procedures (correlation coefficients between O. IOand 0.52). Figures 1 to 4 illustrate these comparisons for one of the insoluble substrates (Amylopectin-PBR).
The starch-iodine procedure, in addition to poor correlation with the other methods, showed lesser sensitivity, since comparatively small absorbance changes (less than 0.100) were yielded by sera within the normal range. Such absorbance changes were approximately a quarter of those yielded by the other methods.
The starch-iodine method also appeared less suitable for the detection of increased serum amylase activity. Of the 25 sera examined by insoluble substrate, saccharogenic and starch-iodine procedures, no abnormal values were found using the starchiodine method, whereas five sera were abnormal by both other methods. This inability to detect increased amylase activity was also demonstrable with the serum pools enhanced with salivary amylase. Two of these serum pools were clearly elevated by the CB-starch method (mean values 512 and tol8 VII at 37", compared with an upper limit of normal of 300) and such elevation was confirmed with the other insoluble substrate methods and the saccharogenic method. However, only the most active of these pools showed elevation by the starch-iodine method (224 Caraway units compared with an upper limit of normal of 180).
Using dilutions of salivary extract and pancreatic hornogenates, linear reaction progress curves were observed for all three insoluble substrate methods, and linearity was demonstrable with increasing enzyme activity up to at least twice the upper limit of normal without sample or supernatant dilution in all methods. Above this level, substrate exhaustion interferes with the starch-iodine procedure. and colorimeter performance becomes limiting with the other procedures due to the high absorbances obtained. Dilution of the supernatant in the CB-Starch procedure after termination of enzyme action enabled linearity to be demonstrated up to 10 times the upper limit of normal. Such dilution was not, however, attempted for the other insoluble substrate procedures. Linearity studies also demonstrated the ability of the insoluble substrate methods to act as differential substrates. Thus all three insoluble substrates showed greater sensitivity to pancreatic than to salivary amylase when compared with the saccharogenic or starch-iodine procedures.
Precision studies were carried out with the CB-Starch method and compared with the starch-iodine procedure (Table 5 ). Reproducibility was highly satisfactory with the insoluble substrate method, but was poor with the comparison method.
DISCUSSION
The preceding studies show that all three insoluble substrate methods examined are satisfactory for amylase determination, as judged by their correlation with the saccharogenic amylase procedure and with one another. All showed similar linearity with increasing amylase activity, similar sensitivity, linear reaction progress curves and preferential sensitivity to pancreatic compared with salivary amylase.
There was little to choose between any of the procedures in respect of procedural simplicity. The CB-Starch method requires an extra reagent addition prior to incubation, and the Amylopectin-PBR procedure an additional reagent subsequent to incubation, when compared with the Amylopectin-Azure method. However, the tablet mode of substrate preparation in the first method was found to be particularly convenient, and the extra reagent addition in the Amylopectin-PBR method was more than compensated for by the convenience of the wellpacked precipitate obtained after centrifugation. With this method, the clear supernatant could be readily decanted for colorimetry, whereas with the other insoluble substrate methods (expecially the CB-Starch method), aspiration of the supernatant was frequently required to avoid contamination with unhydrolysed substrate particles.
With the saccharogenic procedure which we used for comparison minor difficulties were encountered in colorimetry due to the high serum blank values obtained, and it was sometimes necessary to dilute test and serum blanks in order to bring absorbance values on a suitable part of the scale. The incubation time (I h) is substantially more prolonged than that required by the insoluble substrate methods (10-15 min.) and the heating step required adds to the inconvenience of the procedure.
Our experience with the starch-iodine method of Caraway was particularly disappointing. Despite its procedural simplicity the method showed inadequacies quite apart from those to be expected from starch-iodine methods (e.g. non-zero order kinetics, measurement of reduction in absorbance compared to a high blank value, and interference by protein). Thus sensitivity was low and precision was poor, especially when compared with an insoluble substrate'method. The Caraway method correlated poorly with~II the other procedures and appeared unable to detect increased amylase activity in a number of sera shown to be abnormal by these methods.
We are unable to account for these latter findings and can only speculate that the absence of sodium chloride in the Caraway substrate and the inclusion of benzoate as preservative might be responsible. Sodium chloride is a known activator of amylase and was present in all the other substrates. Benzoate may possibly have been inhibitory.
Some support for this is obtained from a limited comparison of the insoluble substrate and saccharogenic procedures with the starch-iodine procedure of King and Wootton (1959) . Substantially improved correlation was obtained. For example, the correlation coefficient between the Amylopectin-PBR and King-Wootton procedure was 0.77 on 16 sera, whereas when compared with the Caraway method a figure of 0.18 on 25 sera (including these 16) was obtained. The King-Wootton procedure includes sodium chloride in the substrate and omits benzoate, but requires fresh preparation of substrate and is less popular than the Caraway procedure which utilises a stabilised substrate.
We have summarised what we consider to be the comparative merits of the different amylase procedures in Table 6 , this comparison being based on both published observations and our own laboratory experience. We have now adopted insoluble amylase Searcy et al., 1966) (e.g. Caraway, 1959) _. substrate methodology as the routine method of amylase determination in our laboratory. This choice has been based particularly on the criteria of availability of stable substrate, minimal reagent preparation, short procedural time, low reagent blank values, absence of requirement for serum blank, high sensitivity, high precision and good correlation with the reference saccharogenic procedure.
